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Introduction

D

The literature of marine water analysis reflects the

considerable difficulty in establishing an accurate and

precise method of analysis for trace metals. Conflicting

reports of the average concentrations of metals show that

the complex matrix defies a simplified approach. For example,

specific sampling techniques, container” contamination dif-

ferences in salinity, suspended particulate mattez-, and

analytical technique have to be considered. In the past

decade an~lytical instrumentation and techniques have been

developed to vastly improve the precision of the analytical

measurement. However, little attention has been paid to the

problem of sampling and storage of the sample prior to

chemical analysis. The solving of the analytical analysis

problem is of little use until a representative sample can

be taken, free of contamination, and properly stored until

analysis.

It is important to remember that trace elements in sea

water have three very closely related interfaces with its

environment : the atmosphere, the lithosphere, and the bio-

sphere [1]. Each of these areas are actively involved and

each has special properties which can drastically effect the

metal content of the sea. Therefore, it is no wonder that

much of the early analytical data is unreliable [2].

Components of sea water can be conveniently divided

into two groups: major components (present in quantities
● greater than 1 mg/1) and minor components (present in quan-

tities less than 1 mg/1). Major components are present in

the same proportions throughout the oceans of the world,
. . . . whereas minor components vary with locality, depth, etc.
@ The average composition of sea water has been tabulated by

Goldberg [3] and more recently by Segar and Cantillo [4] .
., As can be seen from reviewing these and other data in the
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● literature of individual elements, considerable variations

have been reported. This is due in part to variations in

different parts of the ocean and at different times; although

some of the variation is due to the differences in analytical

methods used to analyze the samples. In general, it is

agreed by most workers that contamination plays a major role.

This report does not attempt to answer questions regarding

the accuracy of sampling or even of subsequent contamination

of the samples during storage. By the method of sample splits

and exchange of samples between laboratories it should be

possible to demonstrate whether or not the actual analytical

methods being used are reliable. For this purpose, the

choice of samples to be analyzed is not too important. Wh i 1 e

attempts have been made to minimize sampling or contamination

errors ~ it is recognized that these samples are far from

ideal and probably will give only a fair estimate of the true

trace element content in Alaskan waters.

9

Separation

Most of the trace metals listed as minor components

cannot be determined by conventional analytical methods

(flame atomic absorption spectrometry (AAS) , polarography$

or calorimetry) without. a separation and/or preconcentration

step. The most common concentration techniques are co-

precipitation, electrolysis, solvent extraction and ion-

exchange resins. Co-precipitation has the disadvantages of

being a lengthy process and of requiring the removal of the

precipitation ion, BurrelI [5] and Chau et al, [6] co-

precipitated trace elements in sea water with ferric hydroxide,

followed by chelation and solvent extraction to remove the

iron. The procedure was tedious and it Nas necessary to

apply large blank corrections. Sato and Saitoh [7] co-

precipitated chromium from a liter of sea water with zirconium
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hydroxide. The zirconium hydroxide was removed by filtration

and then dissolved in 2N hydrochloric acid. The analysis

was by AAS using a carbon furnace. Feldman and Rains [8]

used sodium tetraphenylboron  to separate cesium and rubidium

from five liters of sea water and then completed the analysis

by flame emission spectrometry.

For the analysis of cadmium, lead, and zinc in sea water

the elements were electrolyzed on a hanging mercury drop

electrode [9]. The mercury was ~i,ashed and then transferred

to a graphite boat. The mercury was vaporized at 440 “C,

the metals atomized at 1700 “C and detern~ined  by AAS. Some

problems encountered were loses of analyte during electrolysis

in which the electrolysis cell had to be coated with silicon.

A disadvantage of the technique is that only certain elements

can be separated and only a fraction of the analyte is

electrolyzcd which reduces the sensitivity of the method.

In a variation Lund and Larsen [10] electrodeposited cadmium

on a tungsten filament which W2S then heated electrically

and the cadmium determined by AAS.

The chelation of metals with organic ligands and sub-

sequent extraction into various solvents has long been used

as an analytical technique. Table 1 lists several organic

I.igands used to preconcentrate trace elements in sea water.

Is is well known that ammonium pyrrolidine dithiocarbamate

(APDC) is a useful chelating agent for a number of transi-

tion metals [11-15]. Gilbert and Clay [16] extracted Cr (VI]

from 800 ml of sea water with APDC-KIIBK (methyl isobutyl

ketone) and then determined the chromium by AAS. The chromium

is oxidized with perinanganate in a 50 ‘C hot water bath, the

sample is acidified to pH 2, cooled, and then the chromium

APDC complex extracted into }!IBK. A major difficulty of

preconcentration with APDC-MIRK is tlie effect of the aqueous

(Va)/organic  (Vo] phase ratio [13] . The degree of extraction

8
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decreases as the ratio of Va/Vo increases. To overcome this

times. Also, the volubility of the organic solvent in sea

water is a critical factor. Table 2 gives of volubility of

the most frequently used solvents in water. To alleviate

this difficulty, mixed solvents have been used [8]. By

using a 3:1 mixture of MIBK-cyclohexane  the volubility of

MIBK is decreased without changing the extraction coefficieI~t

or the subsequent burning characteristics of the ketone.

Ordinary ion exchange resins are of limited use in the

concentration of elements from strong electrolytes, such as

sea water because the level of major ions (Na, Mg, Ca, and

K) requires the use of very high capacity columns thus

raising the column blank to unacceptably high levels.

Chelating resins can be very useful for this separation of

the matrix ions since. these are not chelated by the resin.

hluz.zarelli and Rocchetti [18] used chitosan (a natural”

chelating polymer) to separate vanadium from the alkali and

alkaline-earth salts in sea water. After passing a liter of

sea water through the column, the chitosan is removed>

washed with ethanol and dried. Then, 5 mg test portions of

the solids are inserted into the graphite furnace and vanadium

determined by AAS. The maximum recovery was however 80

percent for 1.6 pg of vanadium in 100 ml of three percent.

sodium chloride solution and in the presence of sulfuric

acid the efficiency of the column dropped to 55 percent.

Lai et al. [19,20] found that between 20 and 50 liters

of sea water could be passed through a single small column

of Chelex 100 with complete retention of Ag, Co, Fe, Pb, and

Zn.

Riley and Taylor [21] used Chelex 100 to collect the

heavy metals from a liter of sea water and found quantitative

(>99%) retention and elution for Bi, Ccl, Ce, Co, Cu, In, Pb,

Mn, Ni, Sc, Th, V, Y, and Zn,
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Kingston [22] found quantitative recovery of Cu, Fej

Fin, Ni, and Znfrom four liters of sea water at a flow rate

of 33 ml per minute. The collection of ions was done between

pll 5.0 and 5.5 uniformly for all the elements of interest

with hydrochloric acid used as the elutant. The final analysis

was completed by flame AAS.

Davey and Soper [23,24] have constructed a Chelex 100

in situ column sampler and have found, of the ions tested,
65zn 115n1Cd, 54Mn, ‘qCu were retained at >99 percent,$ ~,hile—
210Pb, ‘3Ni, and 5gFe were retained at 92-95 percent. These

results were obtained however using the natural pH of sea

water (%8.1] which is higher than suggested by other research-

ers for this separation,

Experimental

Sampling, Storage, and Contamination Control

There are nearly as many methocls of sampling as there

are investigators and virtually all methods contain some

deficiencies. However, it is not the purpose of this project

to resolve sampling problems, but rather to investigate

analytical differences between sample splits of an arbitrary

group of samples. Although the method and type of sample

taken for this experiment are immaterial, a few comments are

made about the NBS sampler.

The sampler used was that developed by Harrison et al.

[25] and is unique in its design and method of construction.

While there are, unavoidably, a few metal parts, these are

made entirely of aluminum and have been double coated with a

very tough, thick coating of Teflon FEP fluorocarbon resin,

The rest of the sampler is constructed from a block of

virgin Teflon TFE. The only remaining parts are nylon

. .

5

-= .



D

●

●

●

.

D

(nuts, bolts, and washers) and nylon rope to raise, lower,

open and close the sampler. An integral attachment machined

from Teflon TFE is designed to permit on site filtering of

the sample through a 47 mm Nuclepore 0.4 micron membrane

filter. For reference, further detaj.ls are reproduced in

Appendix I.

A common deficiency of many samplers is the inappropriate

selection of materials used in the sampler which unavoidably

cause contamination of the sample. The NBS sampler was

designed specifically for very low contamination levels.

Before transporting to Alaska for taking samples, the NBS

samplers were complete].y disassembled and cleaned in acid.

These parts were stored in clean polyethylene bags to be re-

assembled on the sampling site in Alaska. Metal parts whose

Teflon coating was scratched or damaged were replaced with

parts having new or intact coatings.

Another common cause of contamination is in the selection

and cleaning of bottles for sample storage. Maienthal and

Becker [26] have reviewed the literature on the handling and

storage of liquid and solid samples. Moody and Lindstrom

[27] have investigated the applicability of commercially

available bottles to the storage of liquid samples. The
least contaminating bottles were found to be bottles construc-

ted of Teflon and polyethylene, respectively. Methods were
also developed to assure adequate cleaning of these bottles.

For the NBS sampling trip to Alaska, 40 one-liter Teflon

FEP bottles were subjected to very rigorous cleaning [28].

Half of these bottles were then filled with the highest purity

distilled water. To the remaining 20 clean Teflon bottles

44 g of ultra high purity HNO~ was added for the purposes of

acidifying a one-liter sea water sample to 0.5N with HN03,

The acid and water used at these stages represent one of the

few remaining chances for contamination of the sample. E~Ten

6
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though the acid is of the highest attainable purity, a glance

at the impurity levels will still reveal the need to make a

correction for some elements for contamination due to the

acid blank. Further details about reagents used are repro-

duced in Appendix 11.

The NOAA ship SUPVeyor was used to transport men and

equipment from Juneau to the selected sample site, Glacier Bay,

Alaska . The original NBS plans were to sample four different

ways. Half of the samples were to have been filtered through

0.4 micron ?iuclepore filters and the rest were to have been

unfiltered. Half of each of these samples were to have been

acidified and half were to have been unacidified. Thus the

sample classification would have been filtered (acidified

and non-acidified) and unfiltered (acidified and non-

acidified) .

Unfortunately, once on board, it was learned that the

sampling time allocated to NBS was far less than was needed

to complete the project. Using the 0.4 v filter and two

samplers, it was possible to filter about S00 ml every 15-20

minutes . The total time allocation for inorganic sampling
~~,as less t]lan one ho~lr~ much of which was lost trying to set

up and clean the sampler and filter apparatus. If filtered

samples had been taken, the entire trip would have yielded

exactly 1.5 liters of sea water, a quantity which was insuf-

ficient. Therefore, the decision was made to abandon the

filtering and to get as many other samples as possible. In

a period of 1/2 hour, just under 40 liters of sea water was

collected. The followin~ procedures were used.

Prior to the actual sampling, the ship SUrVe~yoP  was

directed toward and allowed to drift into a current of water.

A platform was lowered off the forward bow from which the

samplings were made. Under these circumstances, the sampler

was always between the ship’s hull and the current of water.



9

B

9

Under the prevailing conditions, contamination from the
● shipfs hull would have been swept away from the sampler.

While these were not ideal conditions they wTere the best

possible under the circumstances.

After assembly, the sampler was ~insed off with distilled

water from the Teflon bottles. The sampler was immersed in

the sea water to a depth of about two meters, opened to col-

lect the sample, closed, and then hauled up to the platform.

The contents of the sampler were then transferred to a

Teflon bottle. Several samplings were required to fill each

bottle. Polyethylene gloves and bags were used to handle

the equipment during these transfer steps. Additional bags

were used to enshroud the bottle and sampler to help prevent

particulate contamination from the atmosphere.

As soon as each bottle (unfiltered, either acidified or

unacidified)  was filled, it was placed in a cooler chest and

surrounded by blocks of dry ice. Twenty liters of unfil-

tered, unacidified water were collected and frozen and

approximately 16 liters of unfiltered and acidified (to 0.5N

with ultra-pure HN03) were collected and frozen. Some

bottles containing HN03 had leaked so these bottles were not

used due to the loss of acid and the likelihood of contami-

nation.

All bottles were stored in protective polyethylene bags

with twist-tie closures at all times. The bottles were packed
together ~,rith large amounts of dry ice in insulated boxes.

On the return trip to Washingtonj DC, commercial deep freeze

lockers were used during layovers to extend the lifetime of

the dry ice. Upon arrival at NBS in Gaithersburg, IId., all

samples wei-e solidly frozen with large amounts of dry ice

remaining. The samples were transferred to a large freezer

maintained at. -40 “C and kept there until needed for analysis.

Sample duplicates were provided to Dr. Burrell, University of

Alaska, directly from this freezer.

.-.. .-------- .. .
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Sample splits were received from the University of

Alaska in a variety of ways. Most had been frozen at one

time but were received at NBS (both water and sediment) in a

thawed condition. Thawed samples were not re-frozen. Samples

which were received frozen were stored at -40 ‘C. Certain

samples were never frozen and were received and kept at room

temperature. Most bottles had some degree of dirt on the

outside since they were not sealed in polyethylene bags.

This rec~uired that the outside of the bottle be cleaned prior

to opening and sampling the contents. Sample splits received

from the University of Alaska were both acidified and

unacidj.fi.ed, filtered and unfiltered and were sampled from a

variety of sites,

Preconcentration

The frozen sea water samples were thawed at room tempera-

tures for approximately 12 hours. After the samples we~e

completely thawed but were still below room temperature,

they were inverted 40-50 times to assure homogeneity. Several

samples exhibited inhomogencity due to a residue of undis-

solved white crystals. The nature of these crystalline

residues has been investigated and is included in this report.

A 100 ml pycnometer was used to determine the density of a

sea water sample which was found to be 1.018 g/ml.

Triplicate samples were obtained by weighing out

101.8f0.2 g (100.OfO.2 ml) from the sample bottle into clean

tared Teflon beakers. These beakers had been previously

cl.eanecl in hot (1+1) HC1 for one day, hot- (1+1) HN03 for one

day and then were thoroughly rinsed in u~tra-pure distilled
~t7ater [28], Known amounts of anal~’tes were spiked to one

sample from each triplicate set of sea water samples for the

purpose of determining the recovery and to permit a check of

the results.

●
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The pH of the samples was determined using a Beckman ~ ~:?
. ..>-*’=

Model SS-2 expanded scale pH meter equipped with Beckman glass “ef$:”
.

and reference electrodes. A drop of pH 5 buffer was added’eto-

each sample and the sample pH was adjusted t-o pH 5.1-.5.5 [29]

using ultra-pure HNOS or NHItOH manufactured from Nl<s cylinder

gas and ultra-pure water. The electrodes were washed with

large volumes of ultra-pure water.

A column of 200-400 mesh Chelex 100 fitted with a 25 ml

reservoir was cleaned using ultra-pure 2.5?4 HNOS [28]. The

pH adjusted sample was loaded on the column by adding small

portions of sample directly from the sample beaker to the

column, The effluent flow rate under these conditions was

50 ml per hour. “The column was washed ~~~ith pH 5 buffer and

ultra-pure water after all of the sea water sample had been

passed through the column. After washing, the column was

stripped of sample ions using ultra-pure 2.5N J~NOs and the

sampl e was collected in clean, tared 7 ml polyethylene bot-

tles . The bottles were capped and re-weighed to determine

the volume of their contents. Analytical blanks were carried

through the same procedure [29].

AAS Apparatus. The instrumental s~-stem used in this

study consists of a Perkin-Flmer I!odel 603 atomic absorption

spectrometer with an HGA-21OO graphite furnace. The samples

were introduced into the furnace with an AS-1 auto sampler.

The instrumental parameters are given in Table 3.

Reagents. All standard stock solutions were prepared

from high purity metals or salts in ultra high purity acids

[28] . Working solutions were prepared as needed.

AAS Sample Preparation

Standard working solutions are prepared in ultra pure

1.25M liNOs from the standard stock solution. Aliquots of

●
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these solutions are then transferred to clean and dry sample

cups on the AS-1 auto sampler. Duplicate aliquots of the

unknowns are transferred to sample cups. To one cup an

equal volume of ultra-pure water is added while to the

second cup an equal volume of the analyte is added. The

cups are then placed on the AS-1 turn-table and the AAS

measurements are made automatically.

Measurement

The AAS instrument is turned on and the hollow cathode

lamp for the analyte is inserted in the instrument and

adjusted to the proper lamp current. The wavelength and

slit widths are adjusted as listed in Table 3. The D2 arc

lamp is turned on and the two lamps are allowed to warm up

for 15 minutes. Then the two beams are balanced. The AAS

instrument is set on peak height and an integration time of

five seconds. The other instrumental parameters are set as

given in Table 3,

A calibration curve is established using three to five

standard solutions with the AS-1 auto sampler. The calibra-

tion curve is repeated until the absorbance are within t2

percent. Then the absorbance of the unknown solutions are

measured using the bracketing technique. For example, the

absorbance of a lower standard, the unknown, and then a

higher standard is measured. This operation is repeated

until the desired precision is attained. The net absorbance

are obtained and a calibration curve is prepared using a

least square fit on a hand calculator. The concentrations

of the unknown are obtained from this calibration curve. If

the recovery of the standard addition is not 100 percent,

the concentration is corrected by the following equation:
D

●

s.c.x._
y-x
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where x = rig/ml of analyte in the unknown as determined

from the calibration curve.

s = amount of standard added, rig/ml in final volume.

y = rig/ml of analyte found in unknown with standard

added as determined from the calibration curve.

c = concentration, rig/ml.

Results and Discussion

Interferences

Interferences encountered with the graphite furnace can

be classified as physical, chemical, and interelement in

nature. Physical interferences are more pronounced with the

graphite furnace than in most flame systems. Light scatter
due to incomplete volatilization of inorganic compounds is of

rl~jor importance. To minimize this type of interference, the
time of charring is carefully controlled. J-lowever,  if it
persists, background measurements should be made with a

continuum light source or at a nearby nonabsorbing line and

then subtracted from the absorbance value obtained for the

analyte.

Three possible mechanisms account for chemical inter-

ferences. The analyte may be lost by the formation of a

volatile compound, by occlusion in a nonvolatile matrix, and
by the formation of carbides. As an example, lead chloride
which boils at 950 “C has a considerable ~~apor pressure at
lower temperatures and can be lost in the charring step.

Therefore, the nj.trate ion is preferred for graphite furnace

AAs . The standards must be prepared in the same concentration

of anion as the analyte. As an eiample, ~~,hen the absol-ballce

of 1 ng of Pb in 0.5 and 10 percent HNC)3 were compared$ the

10 percent HN03 suppressed the lead absorbance by 40 percent.

Another major interference is from the reaction of the furnace

12
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material to form nonvolatile metal carbides. Although carbide

formation does occur, it can be controlled with the use of a

pyrolytic coating on the inner surface of the graphite rod.

The interelement effect is more pronounced in the flan~e-

less technique than in flame systems. It occurs when the

analyte reacts with another element which may produce a sup-

pression at certain atomic ratios and an enhancement under

certain other conditions. This type of interference can

sometimes be corrected by the standard addition method;

however, the best technique is to prepare the standards in

a similar matrix as the unknowns.

Matrix Modification

In sea water the high salt content makes it difficult

to volatilize effectively the matrix without loss of the

analyte. The major component, sodium chloride, has both a

relatively high volatilization temperature [B.P. 14-15 “C)

and heat of formation (AH, 98 kcal/mole). In order to char

such a matrix, the components have to be volatilized and

then either decomposed or diffused out of the graphite cell

in a manner which precludes loss of the analyte. Also,

trace metals in sea water are present mainly as the chlorides

which have a lower volatilization temperature than sodium

chloride.

To overcome this difficulty Ediger et al. [30] proposed

the technique of matrix modification for the determination

of a series of elements in sea water. They added an aliquot

of a 50 percent solution of ammonium nitrate to the sample

in the graphite furnace which assists in the removal of the

sodium chloride during the charring cycle. The ammonium

nitrate converts the sodium chloride to a more volatile

compound. However, in most preconcentration  steps the

calcium and magnesium are also concentrated and the ammonium

nitrate had little or no effect on these elements.

13
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In this study the matrix modification technique was not

completely satisfactory. First of all, the trace elements of

interest in the Gulf of Alaska are below the detection limit

of the graphite furnace AAS and a preconcentration  step is

required. Also, the ‘trace impurities found in ACS reagent

grade ammonium nitrate far exceeded the trace concentrations

in the sea water. While ammonium nitrate can be purified

using Chelex 100 resin, this type of matrix modification does

● not alleviate the interference of calcium and magnesium.

In our initial studies the separation technique of

Riley and Taylor [21] using Chelex 100 resin was evaluated.

The recovery of trace elements of interest based on radio-

active nuclei was greater than 99 percent, I\Then this

technique ~i’as applied to the samples of sea water, calcium

and magnesium were also preconcentrated which produced a

severe suppression of the analyte by AAS. To alleviate this
dj.fficulty a separation procedure was developed, as described

above in the section on preconcentration, which removed the

alkaline earth metals.

●

Applications

The preconcentration and graphite furnace AAS method

described has been appljed for the determination of Cd, kin,

Iii, and Pb in sea water. The results are given in Table 4.

Each value represents the concentration of the analyte carried

through the procedure and not duplicate determinations of a

single test portion. As a check of the recovery of the

separation a known concentration of the analyte was added

to a third test portion and processed along with the two

unknowns. The recovery of the spj.ked analytes was 80 to 120

percent. It was concluded that variability of analytical

blank was the major contributing factor for the deviation

in results.

● 14



The cadmium values for all the NBS collected samples

were less than 0.01 rig/ml which represents our detection

limit by graphite furnace AAS when the trace metals are pre-

concentrated by a factor of 20. Since the reagent blanks for

cadmium was not a limiting factor, a positive value could be

obtained if a larger sample was pretreated and concentrated,

For lead the reagent blank was 0.1 ng which determined

the detection limit. If larger samples were preconcentrated

without the use of additional reagents, the detection limits

for lead could be lowered. The major difficulty for lead is

contamination as exemplified in sample EGA 11. It is very

likely the 0.08 rig/ml of lead is due to contamination.

The effect of acidification before and after filtration

is clearly shown when comparing manganese values in NIBS 500

and 502 with NBS 509 and 518. These results show that

acidification caused the Nln concentration to increase by at

least a factor of two. The reagent blank for manganese is

less than 0,02 ng which would certainly not be a contributing

factor. In one sample, NBS 509, the lead value was several

orders of magnitude higher than the unacidified samples. The

addition of 44 g of HNOq to a liter of sea water as in NBS

samples 509 and 518 was calculated to be insignificant for Cd,

Mn, Ni and Pb [28].

The nickel reagent blank (0.2 ng) was the highest of the

analytes tested. Since the nickel values in sea water were

considerably higher, this high reagent blank was not considered

a serious problem.

Sample Inhomoxeneity Caused by Crystallization. Inhomo-

geneity was found in four samples; two samples from the

University of Alaska and two of the NBS samples. These two

NBS samples were not analyzed; other, homogeneous samples

were substituted from the same site. The samples upon

thawing had noticable white and clear crystals at the bottom

15
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of the sample bottle. In each case the samples were unfiltered

and not strongly acidic (see Table 5). EGA 24 was the only

sample in which the crystals redissolved at room temperature.

In the remaining samples with crystalline precipitates the

precipitate kTas stable at room temperature and did not

dissolve.

The crystals were extracted from NBS Bottle Number 3

and dried in a Teflo~ beaker. Upon addition of nitric acid,

a violent evolution of gas was noted accompanied by instan-

taneous volubility. The solution was evaporated to a single

drop in Teflon and subjected to spark source mass spectrometry.

The dominent cation was found to be Ca. Small amounts of

Na, K, and Ng were found, probably resulting from absorption

to the surfaces of the crystals. No amounts of heavy metal

or trace ions were found, This coupled with the evolution

of gas upon acid adclition would indicate that the d.ornincnt

species would be a hydrated calcium carbonate (CaC03”xH20).

The crystals were too numerous and of sufficient mass

not to be noticed in the original sampling. It is much more

likely then that they were formed in the sample during

storage and handling. No crystals were noticed in strongly

acid samples which would be expected since the low pH would

preclude their formation.

Why the crystals were found in some samples and not

others of similar character is unclear. No other perceptible

difference between the homogeneous and inhornogeneous  samples

was obvious except for the crystals. There were samples

from the University of Alaska and NBS of equal or higher pH

which did not contain crystals, The fact that only unfiltered

samples were subject to this phenomenon could indicate

nucleation or some other aspect of solid particle influence

aiding the formation of the crystals.

R 16
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Samples EGA 24 and EGA 15 were analyzed and there is no

evidence to indicate that the inhomogeneity caused by the

crystals caused any significant alteration in the results in

relation to samples of the same general area. Any effect

wou]d, however, have to be one to two orders of magnitude

larger before obvious alterations could be detected with

these unknown samples.

●

●

●

●

Summary

As a result of work reported here and elsewhere it has

been determined that a number of plastic materials may be

suitable for the collection and storage of samples of sea

water [27]. It has been demonstrated, for example, that

conventional polyethylene containers if properly cleaned do

not matei-i.ally contribute to inorganic trace metal contamina-

tion and if protected from vapor losses are probably suitable

for at least sel’eral years storage. Problems of contamination

which might appear upon long term storage have not been

resolved, It would appear that immediate freezing of water

samples and storage of these in the frozen state until analysis

is to be recommended.

It is shown here that analysis for a variety of elements

may be done accurately on as little as 100 ml of water even

in the extremely clean waters of Alaska using graphite furnace

atomic absorption spectrornetry,  if extreme care is taken to

prevent contamination during the preconcentration procedure.

A new preconcentration procedure has been developed here which

should substantially help in these analyses in that only

minimal handling of the sample is required, only regents for

which ultra purification procedures are available are required

and the procedure appears adaptable to field or shipboard use.

In addition, the procedure removes elements (i.e., Na, K, Ca,

17
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and hl.g) that are interferences in many analytical methods and

thus makes possible the use of a variety of techniques such

as atomic absorption (flame or blameless), neutron activation

and x-ray fluorescence.

Suggestions for Future Work

Because of the very lol\T level of trace elements in sea

wate~ the accurate analyes of these is a difficult job under

even ideal conditions. The problems in preventing contamina-

tion during the analysis are severe. Those encountered

during the collection and storage are even more formidable.

It is believed that progress has been made in the area of

storage and may be minimized by the proper cleaning of

containers and by freezing the samples as soon as possible.

Preventing contan?ination during collection, however,

requires much attention. If only total elemental concentra-

tions are required, that is, no distinction between suspended

and dissolved elements is to be made, then acidification

simultaneously with collection, followed by freezing, may be

used as sho~:n here. If, however, filtration is to be done

to distinguish between suspended and dissolved elements then

it is apparent from this work that the filtration must be

done as the sample is collected. Sampler-filters such as

that of Harrison et al, [25] accomplish this for shallow water

collection effectively but are not applicable (in the present

state) for d~lplicate  water collection and are difficult to

use in a harsh environment. ~fe believe that an effective

technique may be to filter and preconcentrate the samples in

one step as col.lect.ion  procedures using an adaptation of the

Chelex 100 procedure reported here and are proceeding with

this work.
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D In order to describe adequately materials and experi-

mental procedures, it was occasionally necessary to identify

commercial products by manufacturers+ name or label. In no

instance does sLIch identification imply endorsement by the

National Bureau of Standards nor does it imply that the

particular products or equipment are necessarily the best

available for that purpose.

●

●

e

●

19



B References

1.

2.

3.

4.

0“
5.

6.

Q 7.

8.

9.
●

10.

11.
●

12.

● 13.

14.

● 15,

16.

D. N. Hume, Chapter in Analytical Fiethods in Oceano-
graphy, T. R. P. Gibb, Jr. , Ed. , Advances in Chemistry
Series 147, American Chemical Society, Washington, D. C.
(1’375] pp 1-8.

J. P. Riley, Chapter in Chemical. Oceanography, Vol. 2,
Academic Press, N.Y. (1965) pp 295-424. —

E, D. Goldberg, Chapter in The Sea, M. N. Hill, Ed.,
Wiley, N.Y. (1963).

D. A. Segar and A. Y. Cantille, Chapter in Anal)rtical
Methods in Oceanography, T. R. P. Gibb, Jr. , Ed. ,
Advances in Chemi.str:~ Series 147, American Chemical
Society, Washington, D. C. (1975) pp 56-81.

D. C. Burrell, Anal. Chim. Acts, ~, 447 (1967)6

Y. Chau, S. Sire, and Y. Wong, Anal. Chim. Act.a, ~, 13
(1968) .

A. Sato and N. Saitoh, Bunsel:i Kagabu, ~, 663 (1976).

C. Feldman and T. C. Rains, Anal.. Chem., ~, 405 (1964).

F. O. Jensen, J. Dolezal, and F. J. Langmyhr, Anal-. Chim.
Acts, ~, 245 (1974).

If. Lund and B. V. Larsen, Anal. Chim. Acts, ~, 57
(1974) .

J. A. Dean and T. C, Rains, Eds., Flame Emission and
Atomic Absorption Spectrometry,  Vol. 3, Elements and
Matrices, llarcel I)eI&er, NOY. (1975).

R. J. Magee and A. K. Ii. Rahama, Talanta, ~, 409
(1965) .

R. R. Brooks, 3. J. Presley, and I. R. Kaplan, Anal.
Chim. Acts, 3Q, 447 (1967).

K. Kremling and H. Petersen, Anal. Chim. Acts, 7Q, 35
(1974) .

P. E. Paus, J. Anal. Chem., 264, 118 (1973).

T. R. Gilbert and A. N. Clay, Anal. Chim. Acts, 67_, 289
(1973) .

.!

20



w

L

B

D

8

17.

18.

19.

20.

21.

22.

23.

24.

25,

26.

27.

28.

29.

30.

J. 1~. ClUp, R. L. Windharn, and R. D. Whealy, Anal. Chem. ,
43_, 1322 (1971.).

R. A. A. Muzzarelli and R. Rocchetti, Anal. Chim. Acts,
70_, 283 (1974).

M, G. Lai and 1-1. A. Goya, National. Technical Information
Service, AD-648485, 1966.

C. M. Callahan, V. M. Pascual, and M. G. Lai, National
Technical Information Service, AD-647661, 1966.

J. P. Riley and D. Taylor, Anal. Chim. Acts, ~, 479
(1968).

H, M. Kingston, Thesis, Indiana University of Pennsylvania,
May, 1975.

E. hr. Davey and A* E. Soper, Chapter in Analytical
Chemistry llethods in Oceanography, T. R. P. Glbb, Jr.,

_= —-——

Ed ., Advantis in Chemistry Series, No. 146, American
Chemical Society, Washington, D. C. (197S) pp 16-21.

E. h’. Davey and A. E. Soper, Limnology and Oceanography,
20 (1975).—

S. H. Harrison, P. P. LaFleur, and h’. Zoner in
“Accuracy in Trace Analysj.s: Sampling, Sample Handling
and Analysis”, Proceedings of the 7th IMR Symposium,
P. D. LaFleur, Ed. , NBS Spec. Pub. 422, 439 (1976).

E, J. Mainethal and D. A= Becker, “A Survey of Current
Literature on Sampling, Sample Handling and Long Term
Storage for Environmental I!aterial”, NBS Tech Note 929
(1976) .

J. R. Moody and R. M. Lindstrom, “The Selection and
Cleaning of Plastic Containers for Storage of Trace
Element Samples” submitted to Analytical Chemistry.

E. C. Kuehner, R. Alvarezj P. J. Paulsen, and
T. J. Murphy, Anal. Chem., 4S_, 1881 (1973).

H. }1. Kingston, T. C. Rains, T. J. Brady, and I. L. Barnes,
in preparation.

R, D. Ediger, G. E. Peterson, and J. D. Kerber, At. Abs.
Newsletter, ~, 61 (1974) .

21



,

B
Table 1. Organic LiEands used to Separate Trace Elements in

Sea Water.

Organic L;. gand
B

APllC [11-16]

NaT@B [8]

●
Oxine [11]

Solvent

MIBK “

MIBK-

Cyclohexane

MIBK

APDC - Ammonium pyrrolidene dithiocarbamate

o NaT@B - Sodium tctraphenylhoron

Oxi.ne - 8-hydroxyquinoline

●

Element

Bi, Cd, Co, Cr,

Cu, Fe, Hg, }In,

Ni, Pb, Zn

Cs, Rb

Mg, lln, Ni
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Tabfe 2. Volubility of Solvents in Water [17]..,. J

Solvent Volubility, ml/1 at 25 “C

Ethyl Acetate 9

}fIBK 20

Cyclohexane <<1

2-Butjl Alcohol 155

Methyl Isobutyl Carbinol 22



Element

Cd

Mn

Ni

Pb

Table 3. Instrumental Parameters.

- PGE603 - - - - - - - - -HGA-21OO - - - - - - -

Wavelength SBW Scale Drying Charring Atomization
nm nm Expansion Temp./Time Temp./Time Temp./Time

228.8 0.7 1 100/30 200/20 2100/7a

279.5 0.7 2.0 100/30 300/30 2700/7a

232.0 0.7 7.0 100/40 1000/30 2700/6a

283.3 0.7 3.0 100/40 400/30 2200/7b

—
a Inert gas in the Interrupt mode.
b Inert gas in the Normal mode.

Note: Temperatures are in ‘C; Time in seconds.
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Table 4. Analysis of Cadmium, Lead, Manganese, and Nickel in
Sea Water.

Sample
Sample/l,ocation  Treatmenta Original pH

WGA, Station 1:2 F,A,b 1.7

EGA 24 F,A 3.5
(410 m)

WGA 110 F,A 5.1
(173 m)

EGA 11 F,A 5.2
(135 m)

WGA 110 UF,A 5.4
[173 m)

EGA 15 F,A 6.6
(1500 m)

EGA 24 UF,A 3.6
(410 m)

EGA 11 UF,A 6.S
(1350 m)

EGA 15 lJF,A 5.4
(1500 m)

NBS 500 Fc,UA 7,3

NBS 50~ UF,UA 7.2

NBS 502 Fc ,UA 8.3 -

NBS 502 UF,UA 8.2

NBS 509 UF,A (3.4

NBS 518 UF,A 1.3

--- -- -rig/ml - - - - -

Cd.

0.14
0.05

0.11
0.10

0.07
0.13

0.05
0.06

0.09
0.08

0.10
0.1.4

0.12
0.13

0.11
0.12

0.13
0.12

<0.01
<0.01

<0.01
<0.01

<0.01
<0.01

<0.01
<0.01

<0.01
<0.01

<0.01
<0.01

Mn. ‘Ni Pb— —

0.72
0.68

0.65 17
0.78 11

0.05
0.06

0.24 0.02
0.32 0.05

0.22
0.28

0.36 0.20
0.34. 0.32

0.03
0,03

0.27 0.08
0.29 <0,02

0.41 <0.02
0.45 <0.02

0.18
0.18

<0.02
<0.02

1.7 <0.02
0.8 <0.02

0.02
0.02

0.49 <0.02
0.40 <0.02

<0.02
<0.02

0.36 <0.02
0.38 <0.02

<0.02
<0,02

0.90 <0.02
0.78 <0.02

0.45
0.37

1.2 0.18
1,7 0.17

0.59
0.67

0.90 <0.02
0.70 <0.02

0.40
0.46

0,49 <0.02
0.53 <0.02

0.71
0.64

0.66 <0.02
0.71 <0.02

1.3
1.4

0.45 4.5
0.59 5.8

1.4
1.3

0.41 <0.02
0.45 <0.02

a All sanlples stored frozen except b which ~\7as stored at ambient
temperature. F-filtered, Fe-filtered ~fter thawing, !{-acidified,
UF-unfiltered, UA-unacjdified. Less than volues arc AAS detection
limits based on 100 ml test portion.



Table 5. Samples Having Crystalline Precipitates.

●
Sample

University of Alaska

EGA 24

EGA 15

NBS Samples-

Bottle No, 3

Bottle No. 507

plH of Samples
after

Sample Preparation Thawing

unfiltered> acidified,
frozen

unfiltered, acidified,
frozen

unfiltered, unaci.dified,
frozen

unfiltered, unacidified,
frozen

3.6

6.7

8,2

8.2

D
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NATION AI> tfLJk F.A[J OF SIAN I>.AR[>SS1’EC1.41.  PUB1.lCATION  422.
Accuracy in Ira.-e  Analysis: Sampling. Sample Handling. :md Analysis,
Proceedings of the 7dI lMR Symposium,
Held October 7-11.1974, Gaithcrshuv&.  hid. {Issued August 1976).

SAIiWLING  AND SANKPLE HANDLING  FOR
ACTIV.ATTOJN  AP4AL\’SIS  GF E% I\’ER. %?’A.TH%

~. H. Il~rr&2,0n,* P. D. LaFIeur,  * and fY. ZoHer**

A complete prewralysis scheme fu[- de[er]mining trace elemen[s in ri\er and
estuwine w’:iter ‘cry instrurwntal neutron activation analysis is describetl. The
design. operation :ind eva]ua(ion  of a new Teflon waler sampler is included in
the prescn[:~tion of the prcanalysis scheme. The evaluation of this water sam-
pler consists of replicate s,impling ciperiments  :ind 2 comparison with a com-
merci,i! sampling bottle (Van Dorm]. “f he w,ucr s;impler described alltIws for
filtration of the wmple  as it is transferred from the sampler to a s(omge  con-
;ainer. L!,ophilization  ( f r e e z e  drving) is used as t h e  preconccntration
techniqw for the dissolved spccics. i.e.. liquid portion of Ihe sample. Nor-
nuiliza[ion  of suspended particul:i[e datJ to the clement sc:indiurrl is pie>ented
as a useful technique for Icrc:iting  m;in-m:tde heav)’ mct;il i[!put sources,

Keywords: Filtering water: river water; sampling wwer for trace elements:
suspended pw(icula[cs in water: l’eilon water sampler; trace
elemenis: trace elements in uwter:  waler.

,; J

,.
. .

. .
1. Introduction

The cm--rent interest in sampling and sample handlin: for trace con-
stituents is evidenced try the large attendance at this symposium. Previous
speakers have discussed gener:il  problems associated with trace element
sampling and sample handling so this point mrill not be trelabored.

Sampling for trace elemen[s is difficult in any matrix. However. if some
component of the geochemical  environment is to be investigated, the sanl-
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pling problems are exceedingly more difficult than for most synthetic
materials, which may he homogeneous. In the environment, the system
sampled is generally t~o~ homogeneous over the area of interest. The fluid
systems. water and air, are in a state of continuous chemical and physical
chan~e, even during their sampling and storage. Therefore. obtaining and
storing representative samples are not considered triviai  problems.

In this work, an attempt was made to develop and ev:ilu~te  a preanaly  -
sis scheme for trace elements in tt’ater. This includes [he sampling
protocol, as well as storage and handling techniques. If such a. research
technique can be evalua[ed thoroughly and quantiltitively.  it should be
useful in s[udying less expensive and faster protocols \vhich may be
necessary for environmental surveillance work.

The pre~inalysis  design presently used in this laboratory consists of an
all Teflon. Teflon-coated metal, and nylon sampler to minimize con-
tamination from construction materials. After sampling, immediate fihra-
tion is carried out in lhe field follow’cd by f:ist freezing of the :Iqueous  por-
tion of the sample in liquid  nitrogen. Upon return 10 the laboratory. sam-
ples arc stored frozen ;ind, prior to analysis by neutron activation, are
preconccntrated by freeze drying.

When designing this scheme of sampling and sample handling it wzis felt
that the total  number of liquid  sample transfers mu<! be kept to a
minimum to avoid  unnecessary random sources of contamination. Tl]is
goal w~is achieved by kecpin~  the total  number of sample transfers to one.

B
11. Procedure

, .. .

D,
.

9’
.

The NBS water sampler js illustr;i[ed  in figure 1. The sampler consists
of a horizontal Teflon cylinder mounted on an “ice clamp action” type of
frame  with flat Teflon end caps in place of what would be ice hooks. The
frame, though made of rnettil (aluminum and stainless steel). has a baLed-
on Teflon  coating. The Teflon cylinder has :in interior thre:id on one end
{fig.  2) to provide for attachment of a filtering mechanism, to be described
belo~$. A Teflon-co:ited  rudder may be attached to the bottom of the
cylinder to alloi~  its proper orientation ~~fith the current flow’. All parts of
the sampler are assembled with nylon screws. bushings. washers. etc.

(lne of the unique features of the sampler is th:it it provjdes  :in op~ion
for sample filtration during  the transfer to (he stor:igc  cont:iiner. A Teflon
adaptor js threaded to mate the sflmp!ing  cylinder with a polycarbonate
filter holder. The components of this filtering mechanism are pictured in
figure 3.

. .
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Figure I. “1 e!lon water simpler  m ierlxal, closed posillon.
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Figu[-e 3. Attachment of pol}carhmate  filtering unit to filled w:i[er stlmpler through use of
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Generally, the filters used are a 47 mm diameter. 0.4 pm pore
Nuclcpore filter co}ercd with a 4.7 mm diameter. 8 pm pore Nuclcpore
filter as a roughing filter. The filters arc scaled  bct~~ecn  the Teflon :~daptor
and (he filter support with a silicone O-ring. The receiver flask attached
below thr filter holds a polyethylene fjlm bag. This bag serves as (he sam-
ple cont:liner  throughout the storage, freeze dr~’ing  and analysis
procedure. A hand pump is used (o provide the vacuum for filtration in the
field, e..q., from a 14-ft  rowboat. The complete s:irnpling  system assem-
bled and ready for filtration is shown in fi~urc  4.

One of the main ~idwintages  of the NBS w:iter  sampler is its capability
of being lowered below the ti:iter  surface in a closed confi.glir~ition.  avoid-
ing contarnin:ition  of the inner surface of the sampler with possible surface
slicks  or microl:i}crs.  After Io\verin:  the sampler to ii depth of :ik-mt 0.3
meters  it may be opened by pulling :i second rope. ] The s:impler  is then
loi~ered (o the desired depth ;in(i :iliowed to cquiiibr:ite.  The first rope is
pulled to close the cnci c;ips  ;ind the waler sample is brought b:ick to the
surfiice.

After :ittaching  the filtering unit the sampie  m~i!r  be filtered directly
from the Tefion c)iinder  into the polyeth~’iene  storage bag. This is Ihe
only sample tr:insfer in the entire procedure. The iiq(~id sample contained
in the poiycthyicne  has is frozen in the ficid in liquid nitrogen and stored
in :i cleaned pl:ls[ic  ixig. The filters cont:iining  the suspcndc~i  p:irticulates
are transferred to :i cle:ineci  plastic pet]-i di~h. Both the fro~.en  liquid :ind
filter portions of the s:impk  are stclreci in dry ice untii  returning to the
laboratory where they :irc  tr;insferred  to :i freezer.

The fmzcn iiquid  sarnpies  :ire  prcp:ircd for :inaij’sis  by preconcentrating
using lyophiliz:ition  (fl-eeze (irying).  The technique for freeze drying has
been described in {iet:iii  else\$here [ 1.2]. however. a brief description
may be appropriate here. The b:isic freeze drying unit. shown in figure 5.
consists of ii s:imple cilamber,  coid tr:ip  ~ind source of v:icuurn.  The frozen
sample, s[iii  in the pol}eth}lene  film biig. is placed in the ch:imbc]-  \vhich
is then opened to the vacuum line. During the freeze drying process,
water sublimes ;ind :~ residile  of soiids  :tccumul:ites  at the bottom of tbe
ba~. After the process is finished the has is folded  up with the residue
se;iled  inside. to rnakc :i small p:ic!i:ige  for neutron irr:idi:ition.

Consider:ibie  ~~ork h:is been compieted  to ei’:i!u:ite  the retention ) ielcls
of trace elements during freeze drjin:.  ‘Ihe results :ippear satisfactory for
all elements investig;ited  excepl  for mercut-y  :ind iociine  (fig. 6). Recently.
Fiib)r, Shah and Funk [3] repotled qwintit:itive  retention of mercury in
a tracer study of the l>ophi]ization  of M ater.

The NBS  v.itcr  s.mpkr  nm.1 k LVV!.,WJ  b) I,,CT  top...  one wpp,ms thr mr,  sht of the .,m,  plcr  M h!le holding  Ihc md caps

ag.tin,t  the c! Iimler.  [he other  <Iipr.,n.  ibis ve,Sh{ using It [o pull {he end L’.tps  w And m.%!  from  Ihe c>lin.ier  dlwsmg  for

m  Uninlcdere<i  flow.  [hrough  s! slcm.
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a  teflcn valve f  I,qu!d  nt!rogen

b 15 mm o ung fosnt g stainless steel ,ns.lal)ng  ilask

c 75 mm o r(ng IOInl h Iteeze  drying chamber

d  sly.  o’,]am  Ila\k  Icd I gaskel  0 1  polyclhy!ene  film

e cold Irap

Figure 5. Schematic di:+mim showin: one unit of the freeze drying  systen~.
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Fisure 6. Relentimr yields of [race elemen[s during freeze dr) ing  usin:  ri]d,,)i]c[]ve  tracers.
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One of the main objectives of this uork was to delernine wuiability  of
data due ~o sampling. The approach useci was to take replicate samples
from a given location over as short a period of time as possible. usu:illy  2
to 4 hours,  It should be pointed out th:it in a field experiment it is difficult
to distinguish between concentration wiri:ltions  due to time or position. In
an estuarine  or river system it is almost impossible to sample the same
water mass over a 2- to 4-hour time intcr~’al.

The first station chosen for [his kind of work \v:is  the P:ituxent  River at
Laurel. hlar)land.  At this point the river is just a fresh wa[er stream and
it was necessary to wade to midcurrent  to obtain the samples. Of course.
bottom sediment is stirred up when wading  but due to a rathrr  s~vift cur-
rent that day the disturb:incc c-rested by wading s(ibsidcd  in se~’eral
minu[es and a s:imple could he taken upstream to minimize lhesc effects.

At this location eight s:irnples  \+’ere taken. That is. eight separate
wradings  to mid~tream  ivere made with processing of e:ich sample on shore
before the next one was initiilled.  Obviously, these replicate s:irnples
could not be considered to be taken from exactly the same body of water.

The results of instrumental neutron activation an:il]rsis (IN AA) of the
Laurel samples appear in tables 1 and 2. For the dissolved species, the .
coefficients of variation for the 13 elements determined in these “replicate
samples” vary from a surprisingly lo\v 3.0 percent for m;tnganese  to 80
percent foI- cob:tlt.  A few outliers  arc obvious. cobtiit  in sample L-13 and
chlorine in sample L-9. The high cobalt value in L- 13 cioes not correlate
with high values for scandiiirn.  iron. or thorium, elements which Wrould  be
present in cru~tal  particuld[e contamination. The IOW tal[]e for chlorine in
sample I.-9 is equal  l}’ unexplainable. A low value of a halide in water
might  bc explained b} o~idation to the elemental form and volatilization
during  freeze  drying. This idea is untenable since the bromide ion is more
readily oxidized than chloride ion, and the value obt:line~i for bromine in
L-9 is just below onc standard deliation from the airer:i:e.  Of these eisht
samples. originally weighing from 60 to 90 grams each. nine ofthe 13 ele-
ments determined exhibi[cd coefilcienfs  of variation of 20 percent or less.

The results of lNAA  of the Laurel suspended par~iculates  are sho\vn  in
table 2. These samples were collected, freeze dried. irradiated and
counted on polycarbonate  film filters. Only the first six of the suspended
particul;ite  samples were analyzed for some of the elements which  have
long radioactive half-lives on irradia[icm. Technical difficulties prevented
the analysis of the others. The elements measured in Ihe suspended par-
ticulate have been norrrvdized  to scandium which is an element which
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TABLE 2. Cotlcet?fm~imt OJ suspwdd par!icufatcs  iII Laurel  snmpks
— — . .. —---- .—-. ———. .- .-— . . ..-. —.. -— . . .— ..- .—. .— - . .. —.. ———..

Number
Elemcrrts

Al Mn v c1 Na Sc Fe c o Th Sb
(Ps/LO (#g/E) (vR/g) (Pg/z) (w’s) (P#@ (#g/G) (Ns!g) (W’g) (pZ/g)
. ..— — — .— .—

L-8 P 2.34 23.8 3.79 15.9 4.57 0.366 ].3(j 0.542 0.367 0.014
L-9P 2.20 20.9 2.80 18.3 6.17 .345 1.25 .552 . >()(j
L-IOP 2.50 27.() 3.67 ~1.~ 6.69 .405 ].38 .605 .354 .032
L-11P 2.55 23.9 2.76 14.7 10.8 .370 1.36 .534 . 3.=7 .016
L-12f’ 2.24 21.3 3.20 11.3 5.3s ,359 1.27 .510 . ‘+09 .0093
L-1 3P 25.3 13.9 6.>7 .360 1.25 .507 .392 .012
L-14P 2.30 24.6 3.53 14.7 7.95
L-1 5P 2.66 25.0 3.64 ~().~ 8.61
Average 2.40 24.0 3.34 17.5 7.09 .368 1.31 .542 .364 .017

CV*, ~ 7.2 8.5 ]3 34 28 5.5 4.7 6.6 9.8 52
cv/[sc]l’,

x 4.4 6+? 13 19 32 3.4 4.X 11 47
—— —.. -

“ Coefficient of variation.
——

1) Co~ffi~ient of variation wl,~n tlIc average ~Icmcntal concentr:ltion  is ratiocxi to the scamiium concentration.
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may be indicative  of contrib(itions  due to clay  particles and crusts]
weathering from natural sources. This is a procedure which has been used
in transport studies of heavy metals in sediment [4]. The coefficient of
variation is improved for nearly all elements when values are normalized
to scandium, with  only slight increases for &he exceptions. thorium and
s o d i u m .

The fast moving fresh wiiter  stream at Laurel appears to be a well-
mixed system and a single 50 to 100 gram sample under these conditions
general!) :i\’es  a relative standard deviation of 20 percent or less a$ con-
centrations dowm to the subnanogram/gram  level for the elements
analyzed.

A set of s:implcs  similar to those taken at Laurel were taken from the
side of a boat anchored at the mouth of the Susquehanna River in the
Chesapeake Ft;iy  (Turkey Point). In figure 7 :irc illustrated the resuhs of
the suspended particulate taken from this estuarine location. Again,  for
suspended par~iculates.  the coefficient of variation for each element is sig-
nificantly diminished (with the exception of manganete) when the data is
normalized to scandium.

The import:ince of normal;  .zing d:ira obtained from suspended particu-
late using  an element indicative of purely crustal  weathering or natural
sources is illustrated in figures 8, 9, and 10. In figure 8 is presented results
for chromium in the suspended particulate of the Back River,  just east of
Baltimore. kfar}land.  A very Iargc sewage treatment plant is located on
the Back River, Station 1 is al the mm)th of the river, which flows in[o the
Chesapeake Bay. Station 6 is direclly in [hc plume of the midstream ef-
fluent outfall of the sew:igc lreatment pl:int. Whc!) the chromium concen-
tration is plo[ted  \vith respect to distance (as approxirnateci  by station
number) from the effluent outfall a slight rise is observed as station 6 is ap-
proached.  (Plotting the chromium data vith respect to salinity instead of
distance from cftluent  outfall gives an ali~.ost  identical cur~’c, } However,
if the data is normalized to scandium ii much more striking increase is
seen as one approaches the plant effluent outfall. This indica(ed [hat there
is an anthropogenic  source of chromium in the particulate m:iterial  coming
from the sewage treatment plant or another upstream location.

Iron in the Back River exhibits a simil:ir  bch:ivior  and is shown in figure
9. However. in the case of iron no concentration gradient is observed in
proceeding upstream from the mouth of Ihe river. On the other hand. nor-
malization against scanliium  shows a pronounced upstream gradient
which apparent iy indicates a source of noncrustal  iron upstrcnm.

When the concentration of thorium and of thorium rela~ive  to scandium
are plotted for the Back River suspended particulate (fig. 10). only a
smoothing out of the ciata is obtained by’ normalizing to scandium. indicat-
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Figure 7. Coefficients of vari:i[ion for trace elements from replicate samples of estuarine
water, sospended particulate on O’.
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ing no significant input of thorium from an antlwopogenic  source. It is feh
that the added information obt:iined  by this normaliz:~ticm  technique
should be useful in detecting sources of man-mide heavy metal input.

In the Susquehanrra River experiment, replicfite  samples taken wilh the
NBS sampler were compw-ed to samples taken w’ilh a Van Dorn commer-
cial swnp!er.  This par(icul:w  Van Dom sampler was part of the routine
equipment on the research vessel used for !his experiment and it is likely
that the sampler has been used at least 3 days a tveek and up to 10 times
a day for the past several years. The sampler was therefore expecled to
contamina~e  the samples. The results are found in table 3 in the
chronological order in w“hich they were taken. lt has already been men-
tioned [h~it it is very difficult to get a body of water to stay still during a
replicate sampling expcrirnent.  This dificulty  is demonstrated by noting
the values for sodium in table 3. The sampling had begun at low tide, but
the tide soon started coming  in, leading [o increasing salinity during the
sampling period and possibly stirring up some of {he bottom sc.dirnents.

The comparison of data for k’an Dorn samples (VD 1. VD2,  VD3) to
those for our Teflon sampler (N BSl,  NBS2, NBS3, NBS4. NBS5) seems
to indicate that the commercial sampler is contributing little if any con-
tamination to the sample at the concentratiorr  levels  found l]ei-e. This nxiy
be explained in IWO ways: The sample from the Van Dorn was transfer-red
immediately (< 3 rein) to the Teflon cylinder  for filtration, leaving very lit-
tle time for container-sample interactions. Alternatively, this particular
Van Dorn sampler, which is made of PVC, rubber and sllrgical  tubing,
could have been used so often that all or most of the leachable con-
taminates had since been removed and il had reached an equilibrium ~rith
Chesapeake Bay water.

Other interesting fea(ure.s of the data in table 3 are the inconsistently
high values for cobalt, iron and scandium in samples VD3 and NElS4.
This could be suspended palliculare  conlmnina[ion due to improper filtra-
tion or external contamination. These high values could also be real and
caused by the disturbance of the scdirnenis with the changing tide. In ad-
dition, the variability in smmples  from frc+ ~vater  streams seems less than
for samples from estuarine water, over a short timespan.

it is felt that the evaluation of the sampling of natural water using this
system has just begun. Further work in evaluating the sampling of river
and estuarine  water is planned as well as initiating sampling studies in
coastal ocean water.
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TABLE 3. Trace demeur  cottccatratiot?s in replicate samples of estuarine  wafer
(Dissolwd  Spccics  OIIIY)

— — . .  — — .  — - .  . — .  — - — . — -  . — -  — _ _ _

o Sample Zn Sr co Fe se Ag
(#g/g) (#L?/&?) (W’@ (pE?/g) (Wg) (/Js/b’) (% (l%)

—. .

NW5al 2.6 94 0.22 2s 0.18
VI) ’,]

0.07 0.0!1 4.5
8.9 1 (N .20 >~ .14 .86 . ()()s 6.6

NBS2 4.() 117 .27 44 .[5 .39 .017 34
VD2 (j, ~ 101 .24 38 13 ..27 .009 43
NBS3 3.9 121 .27 46 :21 12 .024 4-$
VI).3 7.1 121 . 4J 1 ~~ .14 :42 .034 45
N [3s4 12 115 .67 ?66 15 .28 4?3
NKS5 11 92 .26 44 :90 . o~4 36

. . -. .-
“ NBS = National [Iureau of Standards sarnplcs.

. . .

b VD = Van Dorn samples.

.
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spike or nalcrr:!l  abundance isoto[w  of on element  being
d~.tcrmin{mi lvcrc sornc(inlcs  (,nccruntercd  Ju ring  these analy.t. s
“1 hrw intcrf,mmw  are normally most  prcvaicnt ror (Iw kmer
mm clcrnrnt<  nnd  for the more irnp~mc acids. t_hc three
majo] soLmt~s of th~x  lines are hydrotari~ons, anions,  ami
anion  frs~mcnt~, ~nd ~ario{is nmiwwiar  combinations crf [hc
m:i~or  inlp L]riii L.,  with  thcrn.  clws  and  ii],c aciti  anion, Ii c?a  [ -
ing or ihc sarnl>lc (o 425 “<~ before sparhing and (hc heating
that occurs tiuring ~p:irking  g.nxrtiy  rcduccd  irrkrfLrcncc  from
the h) lirocariwn and anion iincs.

E\amples  of finion fragment int,rkrcnc,  w arc 17(”1 160”
u’ith  the ~lCr+ Spike and 35cl  L~0,’ with  the 61Zn’ spike  i n

perchlori< acid  analysis,  md  ‘%lro,  with rra[ural $ lZn+ in
suit’uric aci{i. The pcrchloric acili !n[crfcrcnL.L.s  can im cvrilu~-
tcd hy monitoring [hc hnc from the otbcr chlor  inc isotope,

(7) R. Al\arc7, f), J. I}aulsco, and D. l<. Ke l l , .her ,  ANAr..  CIm\I.,
41,955 ( I 9(>9).

( 8 )  1’. J. Pnrrlwr, R. Al\rfiIC/,  and D. F,  Kclirhcr, .Tprv-fmchim.  Arfd,

2411,535 ( 1969).

.,.

Fip,crre  4. Labrxator! for prm!ucticm  of trigh-pujity :icirts
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T1
BJ
Te
Sn  .
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cd
Ag
Sr
2.n
<’u
Ni
rl!
Cr
cd
ii
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Table 1. 1 fydrrrchloric Aciri

hnpuri[.r  ccmccntrotimrs  ppb trY  WI  (11.lg)

Acwi from
sub-boiling ACS reagent Commmcmi

slill grade high pur)I>

(r. 07 0.5 <1
0.01 01
004 2
0 (11 0 1 .,.
(1. (M 0.07 <6
001
0 0? (; ill 0 5
003 (),()5 02
0 (J 1 (1 f)!!
().2 2 i
[).1 4 1
(1.2 3
3 2: 7
0.3 2 0.7
0 ()(, 7( I 24
() 5 Xk”r 10
().() Ill m
1 5(HI

x 6.? ,,,1[> x &2(l  ,\,l\, > 7( I pp!l

———

Ta})lc  11. Nitric icid

lmpuril~ cm]cet*lr:tliuns  pph l,> ~,t (W Ml

Acid frnnl
Wl)-lmllllg ,A(-’s rc.l~,cn! {“,,,1,,,  ),.  r(,:il

S[lll grxtc :IcId blph  pll:l[>

1’11 1) f)? 1) ? 03

11 0 ?
1<;1 n (;1 x
Ic ().01 () i
!+ (1 01 01 1
111 (1 01
(“,1 ().(11 1! ) “n 2
A:: (1 I (1 (17 o 1
Sr (1 01 ~

k ().()9 () ~
Yn () w -1 X
(“1! o {)4 X) 4
Nl n (].5 20 3
Ic ().7 24 55
<’r 005 6 I Ml
cl (} y 30 30
~ 0.2 IO II
ifg o 1 13
N:, 1 xl I

> 2.3 ppb z 220 pph : ?.ro  pph
. . — . —.— ——— _——

.

Tabie  111. I>erchkrric  Acid

Impurity concentrations ppb by wt (ngg)

Acid from
$u~l-boiling ACS reagenf Crrrmmmiai

still grade  acid pure  acid

Pb o? 2 16
TI O.i 0.1
133 0.1 > !000 10
Te 0.05 0.05
Sn 0.3 0.3 <1
cd 0,05 0.1 4
Ag 01 0.1 0.5
Sr o ()? i-i
Zo Oi 7 il
Cu ().1 11 3
~i [1 s 8 05
1.C ~ 3 y,) 10
Cr 9 10 18
r:) [).2 7(0 7
K () 6 2( )() 9
hlg ,) ~ 5(X) 4
N a ~ ($x)

: 16 ppil x . . 14(W  ppl) > i(l)  ppb

—

o

2054 0 ANALYTICAL CHEMiSTRY, VOL. 44, NO. 12, OCTOBER 19?2

*



,

●

● “

TdJlc 1$’. Safi’~-ic  Acid

Impurit>  concrnW.lticms  pphby  wt (IV! ’S)

Ac id  from AC3 rcagerrl
suk-tmlllng  sIIII grade acid

Pb 0.6 0.5
3’1 0.1 0.1
HA 0.3 0,2
Te 0.1 0.1
Sn 0.2 0,6
cd 0.3 0.2
Ag o.?. 0.6
Sr 0.3 0.4
711 05 ~
01 0 2 6
NI 0.2 0.5
tc 7 6
Cr 0.’2 0.2
(“a 2 123
~ 4 9
hlg 2 4
Na 9 50

: ?lppb > 20’) ppb

T;]ble  V .  Hyrfrwffuoric .Acid

Impuri$y concm;tratim:  pphby wt(ng’x)

Acid  from ACS reagent
suh-boihng  still graJc  acid

f% 0.05 08
-r} 0.1 0.2
Ba 0.1 0.5
Tc 0.05 . 0.1
Sn 0.05 11
Cd 0.03 2
Ag 0 os 0.1
Sr o I 0.5
ZI1 0 2 4
(k 01 3
N, ().3 12
, .’c 0 6 Iio
Cr 5 2( I
Ca 5

K 1 :
k$g 2 10
N a 2 1 N)

: 17 pph 1’ 32(] ppb
—

Tabl(,  \“I. \+ ’atcr

Impurit:  c0nccnlr<1tion5  pph  II! fif(nqc)

\i41cr  froin  sol>  -hoIIInJ  sIIII

1’1) O.lx)h
1’1 () [11
Ba 001
Te O (K14
Sn {1 0?
Cd O th)>
Ag [1 (}12

Sr 0.1112
/ !1 ( )  1)4

c ‘u 001

N1 o (1?
EC (1 {15
Cr 002
C’:1 O OK
K 009
\lg (). (Y)
N;\ ().(11!

Y (1. s pph

——

D

—
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Tahlc  1’iI.  Summary of I;xpcrimcni:]l  [’conditions for

Producing [ Ii@l-1’mity  ,~cids  and  }’rater tr~

Sulr-Iloilirrg  Distillation

Cmlccn-
Iration  of Conctn-
Sll[l fLY[i lratl<,n  of I’ruducl[on
acid,  y!; SIIII  hcalrr  di,[illa[r, rate,

kco~en[ by W pm! rr, W ;: hy \\[ ml, ?4 hr

[{cl 31 225 31 2, Ox)
IfNC), 70 107
I[clo,

70 5rxt
7( I ~.rll 70 Mm

H, SO, 96 JIJ 96 3(W
H F W I 64 48 3N)
}[,0 2(XI 4, (W)

.
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